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(67) A micro beam generation unit capable of simul-
taneously capturing anisotropic images in a high sig-
nal-to-background ratio with a compact configuration and
an X-ray small-angle scattering apparatus are provided.
A micro beam generation unit 110 generates X-rays hav-
ing a micro spot size, with which a sample is irradiated,
in order to detect diffracted X-rays by a one-dimensional
detector or a two-dimensional detector. The micro beam

FIG. 1

generation unit 110 includes a slit 115 that is provided
on an X-ray optical path and reshapes X-rays into parallel
beams, and two channel-cut monochromator crystals
117 and 118 that are arranged in arrangement of (+, -, -,
+) and remove parasitic scattering of parallel beams re-
shaped by the slit. Accordingly, it is possible to simulta-
neously obtain anisotropic images in a high sig-
nal-to-background ratio with a compact configuration.
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Description
Technical Field

[0001] The presentinvention relates to a beam gener-
ation unit that generates X-rays with which a sample is
irradiated in order to detect scattered X-rays or diffracted
X-rays, and an X-ray small-angle scattering apparatus.

Background Art

[0002] Conventionally, an apparatus configuration for
forming parallel X-ray beams by arranging three slits is
known as an apparatus for measuring X-ray small-angle
scattering because of a need of irradiation of X-rays
whose scattering angle is smallin X-ray small-angle scat-
tering measurement (Patent Document 1, Non-Patent
Document 1). A slitis used to form thin beams, but when
X-ray beams hit the end of the slit, parasitic scattering
occurs and a tail is left in the scattering angle direction
outside the generated beams. In the apparatus with three
slits, parasitic scattering is removed by the second and
third slits provided with a distance in between. However,
in such anapparatus, itis necessary to provide a distance
between the slits, and therefore, an apparatus with large
dimensions is necessary.

[0003] On the other hand, the apparatus or the like is
known that uses the Bonse-Hart method of detecting dif-
fracted rays by a zero-dimensional detector while scan-
ning a channel-cut monochromator crystal arranged on
the beam-receiving side (Patent Documents 2 and 3,
Non-Patent Document 2). FIG. 7 is a plan view showing
an optical system that uses the conventional Bonse-Hart
method. In the Bonse-Hart method, as shown in FIG. 7,
a sample SO0 is irradiated with X-rays generated by mak-
ing X-rays reflected from the mirror enter a collimator 918
and the X-rays scattered by the sample are detected by
reaching of the X-rays to an analyzer 919. In the appa-
ratus configured by such an optical system, the scattered
beams in the scattering angle direction are removed and
thus measurement with a high resolution is made possi-
ble. However, it is not possible to simultaneously obtain
anisotropic patterns by a one-dimensional detector or a
two-dimensional detector.

[0004] In contrast to this, the apparatus described in
Patent Document 1 cuts parasitic scattering of a pinhole
collimator by the channel-cut monochromator crystal and
performs detection with the two-dimensional detector.
However, with such an apparatus, the nature of the X-
ray to tend to diverge is left and the beams spread be-
cause the tail is not removed sufficiently. The reason is
that the channel-cut monochromator crystals can be ar-
ranged only in arrangement of (+, -, +, -), and therefore,
it is not possible to remove the tail caused by the spatial
divergence.
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Prior Art Documents
Patent Documents
[0005]

Patent Document 1: US Patent Laid-Open No.
2013/0064354

Patent Document 2: Japanese Patent Laid-Open
No. 2008-014861

Patent Document 3: Japanese Patent Laid-Open
No. 2008-014862

Patent Document 4: Japanese Patent Laid-Open
No. H06-130002

Non-Patent Documents
[0006]

Non-Patent Document 1: Hideki Matsuoka, Koji
Kakigami, Norio Ise, Yuj i Kobayashi, Yoshio Machi-
tani, Tetsuo Kikuchi, Toshiyuki Kato, Ultra-small-an-
gle x-ray-scattering study: Preliminary experiments
in colloidal suspensions, Proc. Natl. Acad. Sci. USA,
August 1991, vol. 88, pp. 6618-6619

Non-Patent Document 2: Bonse-Hart camera (US-
AXS), [online], 2013. 7. 2, ESRF (European Syn-
chrotron Radiation Facility), URL: http://www.es-
rf.eu/UsersAndScience/Experiments/SoftMatte
r/ID02/BeamlineLayout/EH1

Disclosure of the Invention
Problem to be solved by the invention

[0007] As described above, it is difficult to simultane-
ously obtain anisotropic images and to sufficiently re-
move the divergence of beams in the images with a com-
pact apparatus configuration by any of the conventional
methods.

[0008] The present invention has been made in view
of such circumstances and an object of the present in-
vention is to provide a beam generation unit capable of
simultaneously obtaining anisotropic images in a high
signal-to-background ratio with a compact configuration,
and an X-ray small-angle scattering apparatus.

Means for solving problem
[0009]

(1) In order to achieve the above-described object,
the beam generation unit of the present invention is
a beam generation unit that generates X-rays with
which a sample is irradiated in order to detect scat-
tered X-rays or diffracted X-rays, the beam genera-
tion unit including: a slit that is provided on an X-ray
optical path and reshapes an X-ray beam shape; and
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two channel-cut monochromator crystals that are ar-
ranged in arrangementof (+, -, -, +), remove parasitic
scattering of parallel beams reshaped by the slit, and
generate parallel and micro X-ray beams.

As described above, the beam generation unit of the
present invention enables an analysis with a high
resolution by removing the spatial beam tail as well
as removing scattering due to the slit because the
channel-cut monochromator crystals are arranged
in the arrangement of (+, -, -, +) in the rear stage of
the slit. Further, as compared to the three-slit con-
figuration, it is possible to reduce the distance from
the X-ray source to the sample and to reduce the
apparatus size. Furthermore, by detecting scattered
X-rays or diffracted X-rays with a one-dimensional
detector or a two-dimensional detector, it is possible
to simultaneously measure anisotropic patterns
without moving the detector.

(2) Further, the beam generation unit of the present
invention further includes a first mirror that is ar-
ranged in the front stage of the slit, reflects X-rays
within an optical path plane that is formed by the two
channel-cut monochromator crystals, and prevents
divergence of X-rays in a direction vertical to the op-
tical path plane. Due to this, it is possible to prevent
the divergence of beams with which the sample is
irradiated and to secure a sufficient intensity.

(3) Further, inthe beam generation unit of the present
invention, the first mirror is a focusing mirror that
forms a focal point on the detector. Due to this, it is
possible to increase the intensity while making micro
the beam spot with which the sample is irradiated.
(4) Further, inthe beam generation unit of the present
invention, the two channel-cut monochromator crys-
tals each have a pair of symmetric cut faces. Due to
this, itis made easier to arrange and adjust the chan-
nel-cut monochromator crystals.

(5) Further, inthe beam generation unit of the present
invention, one of the two channel-cut monochroma-
tor crystals has a pair of asymmetric cut faces. Due
to this, itis possible to generate X-ray beams having
even higher degree of parallelization and a high in-
tensity.

(6) Further, the beam generation unit of the present
invention further includes a second mirror that is ar-
ranged in the front stage of the slit, performs reflec-
tion within a plane vertical to the optical path plane
that is formed by the two channel-cut monochroma-
tor crystals, and reshapes divergent beams into par-
allel beams within the optical path plane. Due to this,
it is possible to generate X-ray beams with a high
luminance and to increase the intensity of the X-ray
beams.

(7) Further, the X-ray small-angle scattering appa-
ratus of the presentinvention includes a goniometer
that mounts the above-described beam generation
unit on a rotary arm. Due to this, it is possible to
measure small-angle scattering in a free direction
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within the drive range of the rotary arm of the goni-
ometer. For example, it is also possible to store a
liquid and irradiate the liquid with X-rays from below.
(8) Further, the X-ray small-angle scattering appa-
ratus of the present invention further includes a two-
dimensional detector that detects scattered X-rays
or diffracted X-rays generated by irradiation of a
sample with X-rays generated by the beam genera-
tion unit. Due to this, it is possible to detect the X-
rays scattered at a small angle by the sample with a
high angular resolution.

Effect of the invention

[0010] Accordingtothe presentinvention, the channel-
cut monochromator crystals are arranged in the arrange-
mentof (+, -, -, +) in the rear stage of the slit, and therefore,
itis possible to simultaneously obtain anisotropic images
in a high signal-to-background ratio with a compact con-
figuration.

Brief Description of the Drawings
[0011]

FIG. 1is a perspective view showing an X-ray small-
angle scattering apparatus of the present invention.
FIG. 2 is a side view showing the X-ray small-angle
scattering apparatus of the present invention.

FIG. 3 is a plan view showing the X-ray small-angle
scattering apparatus of the present invention.
FIGS. 4(a) to 4(d) are plan views each showing a
beam generation unit.

FIG. 5 is a graph representing the intensity for the
divergence angle of X-ray beams generated by each
beam generation unit.

FIG. 6 is a graph representing the intensity for the
divergence angle of X-ray beams in an example.
FIG.7is aplan view showing an optical system using
the conventional Bonse-Hart method.

Modes for Carrying Out the Invention

[0012] Next, an embodiment of the present invention
will be explained with reference to the drawings. In order
to make it easier to understand explanation, the same
reference numeral is attached to the same component
in each drawing, and duplicate explanation will be omit-
ted.

[First embodiment]

(X-ray small-angle scattering apparatus)

[0013] X-ray small-angle scattering is a method of an-
alyzing the structure of a substance by measuring scat-

tered X-rays whose scattering angle is small (normally,
10° or less) among scattered X-rays when the substance
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is irradiated with X-rays. If the wavelength of the X-ray
is taken to be A, the scattering angle is taken to be 26,
from Bragg'’s law A = 2dsin®, measuring scattered X-rays
whose scattering angle is smaller corresponds to meas-
uring a larger structure in the real space. Common sizes
measured by the small-angle scattering are 1 to 100 nm,
and therefore, it is possible to analyze a structure at the
level of several nanometers, such as internal structures
of a fine particle, a liquid crystal, and an alloy, by the
small-angle scattering.

[0014] FIG. 1 to FIG. 3 are a perspective view, a side
view, and a plan view, respectively, showing an outline
of an X-ray small-angle scattering apparatus 100. As
showninFIG. 1to FIG. 3, the X-ray small-angle scattering
apparatus 100 includes an X-ray source, a beam gener-
ation unit 110, a goniometer, and a detector 120.
[0015] Itis preferable to use a micro point X-ray source
of 0.1 mm or less (micro-focus X-ray source) as the X-
ray source. Due to this, it is possible to form a focal point
having a micro spot size and a high intensity. Here, in
the outline configuration shown in FIG. 1 to FIG. 3, the
X-ray source is omitted.

(Beam generation unit)

[0016] Thebeam generationunit110generates X-rays
that are parallel and have a micro spot size, with which
a sample S0 is irradiated, and detects diffracted X-rays
with a one-dimensional detector or a two-dimensional
detector. Note that, as the detector 120, a one-dimen-
sional detector or a two-dimensional detector is used,
and therefore, it is possible to simultaneously obtain an-
isotropic diffraction patterns.

[0017] The beam generation unit 110 includes a first
mirror 111, a second mirror 112, a slit 115, and two chan-
nel-cut monochromator crystals 117 and 118. In each of
the two channel-cut monochromator crystals 117 and
118, a pair of crystals having diffraction planes that reflect
X-rays are arranged.

[0018] Itis preferable for the beam generation unit 110
to be used to detect X-rays scattered at a small angle by
irradiating the sample SO with generated beams at a fine
angle. Due to this, it is possible to generate X-ray micro
beams suitable for use application of the small-angle
scattering. As a result of this, for example, it is possible
to measure small-angle scattering with respect to a small
particle of 100 nm or less. Note that, the use application
of the beam generation unit 110 is not necessarily limited
to the small-angle scattering, but the beam generation
unit 110 is particularly effective for the small-angle scat-
tering.

(First mirror)

[0019] Thefirstmirror 111is arranged in the front stage
of the slit 115 and reflects X-rays within an X-ray optical
path plane that is formed by the two channel-cut mono-
chromator crystals 117 and 118, and prevents the diver-
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gence of X-rays in the direction vertical to the above-
described X-ray optical path plane. As a result of this, it
is possible to secure a sufficient intensity by preventing
the divergence of beams with which the sample SO is
irradiated within the optical path plane formed by the two
channel-cut monochromator crystals 117 and 118. By
arranging the first mirror 111 in order to secure intensity,
it is made possible to sufficiently detect scattering even
in the case where the scattering is caused by a sample
of a polycrystalline substance or an amorphous sub-
stance other than a single crystal.

[0020] It is preferable for the first mirror 111 to be a
focusing mirror that curves with a predetermined curva-
ture and forms a focal point on the detector 120. Due to
this, it is possible to increase intensity while keeping mi-
cro the beam spot with which the sample SO is irradiated.
[0021] For example, a case is considered where the
first mirror 111 is an elliptic mirror, the distance from the
X-ray source to the sample S0 is 700 mm, and the camera
length is set to 400 to 500 mm. At this time, in the case
where beam is focused within 0.3 mm by the first mirror
111 having a range of approximately 0.8°, arctangent
when the base is 700 mm and the height is 0.3 mm is
about 0.4 mrad.

[0022] In this case, the ratio in intensity between pres-
ence and absence of the first mirror 111 is 0.8° = 14 mrad
/0.4 mrad = 35. In this manner, it is possible to increase
intensity by focusing X-rays thus spread by the first mirror
111. Here, itis supposed that the reflectance of the mirror
is one, but actually, itis slightly smaller than one. Further,
the first mirror 111 may be a parabolic mirror, provided
that there is no divergence.

(Second mirror)

[0023] The second mirror 112 is a mirror that curves
with a predetermined curvature, is arranged in the front
stage of the slit 115, reflects X-rays generated in the X-
ray source within the plane vertical to the optical path
plane formed by the two channel-cut monochromator
crystals 117 and 118, and reshapes divergent beams
into parallel beams within the above-described optical
path plane. As a result of this, it is possible to generate
X-ray beams with a high luminance and to increase the
intensity of the X-ray beams.

[0024] Thesecond mirror 112 makes constantthe focal
length of the incident X-ray. It is possible for the second
mirror 112 to reshape beams having a focal point size in
accordance with the use application. For example, it is
possible to further increase intensity by changing a focal
point size of 70 wm into that of 100 wm to 200 pm. ltis
possible for the second mirror 112 to increase the beam
width to about 1 mm at the maximum. It is possible to
increase intensity by increasing the beam width as
above. As the second mirror 112, a parabolic mirror may
be used and itis also possible to generate beams having
a desired focal point size with the slit 115 and further to
adjust the size with the second mirror 112.
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[0025] Note that, in the case of the optical system that
uses the conventional Bonse-Hart method, whether
beams are parallel in the direction vertical to the optical
path plane is not known, and therefore, it is possible to
accurately measure the degree of parallelization only in
the direction parallel to the optical path plane. It is pos-
sible forthe beam generation unit 110 to generate parallel
beams also in the direction vertical to the optical path
plane by arranging the second mirror 112. Further, the
angular resolution within the optical path plane is in-
creased by reducing the spot size of the X-ray beam. By
providing a focusing element within the optical path plane
and by reducing the beam size in the direction vertical to
the optical path plane, beams whose beam divergence
in the direction parallel to the plane is also natural and
which are parallel with a small width of the crystal are
emitted. After all, angle information with a high accuracy
within the plane vertical to the optical path plane is ob-
tained two-dimensionally, not only in the one-dimension-
al direction.

[0026] AsshowninFIG. 1,itis possible to use the first
mirror 111 and the second mirror 112 as an integrated
mirror in which the two mirrors are vertically bonded to
each other, but it may also be possible to provide them
separately. Depending on which kind of mirror is used
as these mirrors, it is possible to give priority to intensity
by increasing the focal point size orto increase resolution
by reducing the focal point size.

[0027] Note that, in the case where the first mirror 111
is installed in a position close to the X-ray source and the
second mirror 112 is installed in a position close to the
sample SO0, the X-rays generated in the X-ray source are
reflected from the first mirror 111 and the second mirror
112 in this order and then the X-rays are caused to enter
the two channel-cut monochromator crystals 117 and
118 as a result. However, it is not necessary to limit the
arrangement and an arrangement in which the positions
of these components are exchanged may be accepted.
[0028] Further, as the first mirror 111 or the second
mirror 112, it is possible to use any of a total reflection
mirror, a multilayer film mirror, and a crystal plate. The
total reflection mirror is formed by curving a glass plate
itself or a reflection plate or the like formed by forming a
film of Ni (nickel), Au (gold), Pt (platinum), etc., on the
surface of a glass plate.

[0029] The multilayer film mirroris formed by alternate-
ly stacking layers having different electron densities a
plurality of times on a substrate having a smooth surface.
By repeating a multilayer stack structure periodically with
a plurality of layers, itis possible to efficiently diffract spe-
cific X-rays, for example, CuK a-rays. As the material of
the substrate, a glass plate, a silicon wafer or the like is
used. The crystal plate may be formed by using a single
crystal plate of a-SiO, (quartz), Si (silicon), Ge (germa-
nium) or the like.

10

15

20

25

30

35

40

45

50

55

(Slit)

[0030] Theslit115is provided on the X-ray optical path
and reshapes the X-ray beam shape. The shape of the
hole of the slit 115 is not limited, and the shape may be
that of a line or a quadrangle, but preferably, the shape
is that of a circular pinhole in order to prevent scattering
from the edge of the slit 115.

(Channel-cut monochromator crystal)

[0031] The two channel-cut monochromator crystals
117 and 118 are arranged in the arrangement of (+, -, -,
+) in the rear stage of the slit 115 and remove scattering
of parallel beams reshaped by the slit 115. Due to such
an arrangement, the analysis with a high resolution is
made possible by removing the spatial beam tail as well
as eliminating scattering caused by the slit 115. As a
resultofthis, itis also possible to use the beam generation
unit 110 for detection of so-called small-angle scattering.
Further, as compared to the configuration of a apparatus
that uses three slits, it is possible to reduce the distance
from the X-ray source to the sample SO.

[0032] The channel-cut monochromator crystal is par-
allel walls on both sides that are used for reflection when
a groove is cut in the single crystal block. The crystal
block consists of a one-piece crystal in its entirety, and
therefore, all the X-rays Bragg-reflected from one of the
crystal walls are Bragg-reflected from the other crystal
wall. The channel-cut monochromator crystal is formed
by machining a perfect crystal of germanium or silicon to
cut a groove. By causing X-rays to reflect from a pair of
X-ray reflecting surfaces formed on both sides of the
groove, monochromatic beams with a high accuracy are
obtained.

[0033] The first channel-cut monochromator crystal
117 isarranged on the X-ray incidence side of the second
channel-cut monochromator crystal 118 and has a first
crystal 117a and a second crystal 117b, and in each of
the crystals 117a and 117b, cut faces in opposition to
each other are formed.

[0034] The first channel-cut monochromator crystal
117 is arranged so that X-rays diffracted by the first chan-
nel-cut monochromator crystal 117 enter the second
channel-cut monochromator crystal 118. Further, the first
channel-cut monochromator crystal 117 has a shape and
arrangement capable of diffracting X-rays by the crystal
plane having the same indices as those of the crystal
plane by which the second channel-cut monochromator
crystal 118 diffracts X-rays, and of causing the X-rays to
enter the second channel-cut monochromator crystal
118.

[0035] The second channel-cut monochromator crys-
tal 118 has a third crystal 118a and a fourth crystal 118b
and on each crystal wall thereof, cut faces in opposition
to each other are formed.

[0036] The arrangement of (+) or (-) in the channel-cut
monochromator crystal refers to the arrangement of the
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crystal that diffracts X-rays in the bending direction that
is determined based on the bending direction of the first
diffraction being taken to be (+). Consequently, the ar-
rangement of the crystal that diffracts X-rays in the same
bending direction as the bending direction of the first dif-
fraction is (+) and the arrangement of the crystal that
diffracts X-rays in the bending direction opposite to the
bending direction of the first diffraction is (-).

[0037] The first channel-cut monochromator crystal
117 is provided so as to be capable of diffracting X-rays
in the arrangement of (+, -) with respect to incident X-
rays. The second channel-cut monochromator crystal
118 is provided in the position where X-rays diffracted
by the first channel-cut monochromator crystal 117 can
enter, so as to be capable of diffracting X-rays in the
arrangement of (-, +) with respect to incident X-rays. In
this manner, it is possible to reshape the X-ray beam
sectional shape into a square or a circle.

[0038] In the beam generation unit 110, the scattering
of the slit 115 can be removed by the channel-cut mon-
ochromator crystals 117 and 118 and it is possible to
generate beams that produce no tail, but if an attempt is
made to implement a configuration that prevents scatter-
ing to the same extent as this with three pinholes, ap-
proximately 1.5 m is necessary as the distance from the
X-ray source to the sample SO. The beam generation
unit 110 as described above can be configured with a
reduced distance of 10 cm to 15 cm and it is possible to
place the sample SO immediately behind the beam gen-
eration unit 110.

[0039] Itis preferable for the four crystals 117a, 117b,
118a, and 118b to be formed by twos as each of the
channel-cut monochromator crystals 117 and 118, but a
combination of those formed separately may be accept-
ed.

[0040] With such aconfiguration, the channel-cut mon-
ochromator crystals 117 and 118 diffract X-rays in the
rear stage of the slit 115 and remove the X-rays of par-
asitic scattering whose direction has been changed by
the slit 115. Further, by arranging the two channel-cut
monochromator crystals 117 and 118, not only the diver-
gence A9 (divergence) in the direction of the divergence
angle of the X-ray beams but also the dispersion A\ (AE)
of the wavelength (energy) is removed at the same time.
With the conventional configuration, even if A6 is limited,
the width of AE increases, and therefore, the tail is formed
due to passing-through to a certain extent, but with the
configuration of the beam generation unit 110, this can
be removed.

[0041] As described above, with the beam generation
unit 110, the wavelength dispersion can also be removed,
but the intensity of X-rays is apt to be reduced accord-
ingly. However, this reduction in intensity can be com-
pensated for by the first mirror 111.

[0042] As the material of the crystal that can be used
for these channel-cut monochromator crystals 117 and
118, mention is made of germanium or silicon, but the
material is not limited to those. Further, as the crystal
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plane that is used, for example, mention is made of Ge
(220).

(Goniometer)

[0043] The goniometer mounts the beam generation
unit 110 on a first rotary arm. The first rotary arm is made
rotatable with respect to the sample S0O. Due to this, it is
possible to measure small-angle scattering in the drive
range of the first rotary arm of the goniometer. For ex-
ample, although a liquid is difficult to seal, it is possible
to irradiate a liquid with X-rays after storing the liquid in
a vessel.

[0044] As described above, the beam generation unit
110 is configured so as to be compact, and therefore, it
is possible to perform measurement by mounting the
beam generation unit 110 on the rotary arm of the goni-
ometer and freely changing the direction, and it is also
possible to use beams radiated from below to above and
beams radiated from above to below.

[0045] Further, the goniometerincludes a 6 rotary disc
and a second rotary arm. The 0 rotary disc and the second
rotary arm have a configuration in which when the 0 rotary
disc rotates by an angle 6 around the same rotation axis,
the second rotary arm rotates by an angle 26 in accord-
ance with this in an interlocking manner.

[0046] On the 6 rotary disc, a sample table (sample
holding unit) is mounted and a sample is held on the
sample table. The sample table rotates along with rota-
tion of the 0 rotary disc and a positional relationship with
respect to the relative angle between the X-ray incidence
plane of the sample held on the sample table and the X-
ray source is changed. Due to this, the incidence angle
of X-rays with respect to the sample is changed.

[0047] On the second rotary arm, the detector 120 is
mounted. The detector 120 rotates around the X-ray in-
cidence plane of the sample together with the second
rotary arm. Due to this, the positional relationship with
respect to the relative angle between the X-ray incidence
plane of the sample held on the sample table and the
detector 120 is changed and the detector 120 moves up
to the position where the diffracted X-rays that are dif-
fracted by the sample are detected. Here, it is possible
to arbitrarily set the camera length from the sample SO
to the detector 120 in accordance with an object to be
measured. There may be a case where the cameralength
is approximately 1 m or a case where the camera length
is shorter.

[0048] Note that, if the X-ray beams with a high degree
of parallelization are detected in a position sufficiently
distantfrom the sample, the small-angle scattering meas-
urement is made possible even if the beam size is not
micro, but in this case, there arises a necessity to in-
crease the size of the apparatus. For example, in the
case of a apparatus that uses the prior art, the size of
the apparatus needs to be 10 m to 20 m, but by using
the beam generation unit 110, it is possible to use highly
parallel and micro beams, and therefore, it is possible to
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reduce the size of the apparatus to around several meters
and to implement the X-ray small-angle scattering appa-
ratus 100 with high compactness.

(Detector)

[0049] Thedetector 120isarrangedina position where
the X-rays diffracted by the sample enter. The detector
120 may be a one-dimensional detector having a position
resolution in the straight line direction or a two-dimen-
sional detector having a position resolution within a
plane. By using the two-dimensional detector, it is pos-
sible to detect X-rays scattered at a small angle by the
sample with a high angular resolution. As the one-dimen-
sional detector, mention may be made ofaPSPC, alinear
CCD sensor, etc. As the two-dimensional detector, men-
tion may be made of a two-dimensional CCD sensor and
a photon-counting-type pixel two-dimensional detector.

(Example)

[0050] Spectrum measurement of X-ray beams gen-
erated by the above-described beam generation unit (ex-
ample) and by 4-crystal and 2-crystal beam generation
units (comparative examples) was performed. FIGS. 4(a)
to 4(d) are plan views each showing a configuration of
beam generation unit. The distance from the X-ray
source to the detection position is set to 750 mm in each
configuration.

[0051] FIG. 4 (a) shows a configuration of a beam gen-
eration unit using a slit, in which two channel-cut mono-
chromator crystals are arranged so as to be in the ar-
rangement of (+, -, -, +) in the rear stage of the incident
slit 115, 0.1 mm wide, and X-rays are collimated. As the
X-ray source, the CuKa-rays are used, as the channel-
cut monochromator crystal, the dispersive Ge crystal is
used, and Ge (220) is used as the crystal plane (this also
applies to the following comparative examples). The col-
limated X-rays are scanned and detected by a beam-
receiving slit 130, 0.1 mm wide.

[0052] In place of the configuration shown in FIG. 4(a),
a configuration shown in FIG. 4 (b) may be used. In this
case also, two channel-cut monochromator crystals 127
and 118 (four crystals 127a, 127b, 118a and 118b) are
arranged so as to be in the arrangement of (+, -, -, +) in
the rear stage of the incident slit 115. Then, the channel-
cut monochromator crystal 127 has a pair of asymmetric
cut faces. Due to this, it is possible to generate X-ray
beams having a higher degree of parallelization and a
higher intensity. Here, both the two channel-cut mono-
chromator crystals may each have a pair of asymmetric
cut faces.

[0053] FIG. 4(c) shows a configuration of the 4-crystal
beam generation unit, in which two channel-cut mono-
chromator crystals 217 and 218 (four crystals 217a,
217b, 218a and 218b) are arranged so as to be in the
arrangement of (+, -, -, +) and further, one channel-cut
monochromator crystal 219 (two crystals 219a and 219b)

10

15

20

25

30

35

40

45

50

55

in the arrangement of (-, +) is used as an analyzer and
a scan is performed.

[0054] FIG. 4(d) shows a configuration of the 2-crystal
beam generation unit, in which one channel-cut mono-
chromator crystal 317 (two crystals 317a and 317b) is
arranged so as to be in the arrangement of (+, -) and
further, one channel-cut monochromator crystal 318 (two
crystals 318a and 318b) in the arrangement of (-, +) is
used as an analyzer and a scan is performed.

[0055] FIG.5isagraphrepresentingthe measurement
results of the intensity distribution of X-ray beams gen-
erated by each beam generation unit. As shown in FIG.
5, with the beam generation unit using a slit and the 4-
crystal beam generation unit, it is possible to sufficiently
remove the tail. With the 2-crystal beam generation unit,
the tail remains. Note that, with the 4-crystal beam gen-
eration unit, the tail is removed as with the beam gener-
ation unit using a slit, but in this case, it is not possible
to perform measurement using a one-dimensional de-
tector or a two-dimensional detector.

[0056] FIG.6isagraphrepresentingthe measurement
results of the intensity distribution of X-ray beams of the
example. From the measurement results, it is known that
a slight tail is produced, but it is almost zero. Further,
depending on a slight difference in detection position, the
X-ray intensity is reduced by four or five digits, and there-
fore, X-ray beams having arectangular shape and a slight
tail are obtained.

Description of Symbols

[0057]

100 X-ray small-angle scattering apparatus
110 beam generation unit

111 first mirror

112 second mirror

115 slit

117 first channel-cut monochromator crystal
117a  first crystal

117b  second channel-cut monochromator crystal
118a  third crystal

118b  fourth crystal

120 detector

127 first channel-cut monochromator crystal
130 beam-receiving slit

Claims

1. A beam generation unit that generates X-rays with
which a sample is irradiated in order to detect scat-
tered X-rays or diffracted X-rays, the beam genera-
tion unit comprising:

a slit that is provided on an X-ray optical path
and reshapes an X-ray beam shape; and
two channel-cut monochromator crystals that
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are arranged in arrangement of (+, -, -, +), re-
move parasitic scattering of parallel beams re-
shaped by the slit, and generate parallel and mi-
cro X-ray beams.

2. The beam generation unit according to claim 1, fur-
ther comprising:

a first mirror that is arranged in the front stage
of the slit, reflects X-rays within an optical path 70
plane thatis formed by the two channel-cut mon-
ochromator crystals, and prevents divergence
of X-rays in a direction vertical to the optical path

plane.
15
3. The beam generation unit according to claim 2,
wherein
the first mirror is a focusing mirror that forms a focal
point on a detector.
20
4. The beam generation unit according to any of claims
1 to 3, wherein
the two channel-cut monochromator crystals each
have a pair of symmetric cut faces.
25
5. Thebeam generation unit according to any of claims
1 to 3, wherein
one of the two channel-cut monochromator crystals
has a pair of asymmetric cut faces.
30

6. Thebeam generation unitaccording to any of claims
1 to 5, further comprising:

asecond mirror thatis arrangedinthe front stage
of the slit, performs reflection within a plane ver- 35
tical to the optical path plane that is formed by
the two channel-cut monochromator crystals,
and reshapes divergent beams into parallel
beams within the optical path plane.
40
7. An X-ray small-angle scattering apparatus compris-

ing:

a goniometer that mounts the beam generation
unit according to any of claims 1to 6 on arotary 45
arm.

8. The X-ray small-angle scattering apparatus accord-
ing to claim 7, further comprising:

50
a two-dimensional detector that detects scat-
tered X-rays or diffracted X-rays generated by
irradiation of a sample with X-rays generated by
the beam generation unit.

55
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4 Crystal - Slit Scan
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FIG. 4A
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4 Crystal(asymmetric) — Slit Scan
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FIG. 4B
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4 Crystal — Analyzer Scan
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FIG. 4C
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FIG. 4D
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